ABSTRACT: Delay in diagnosing osteoarticular tuberculosis (OATB) contributes significantly to morbidity by causing disfiguration and neurological sequelae. The delay caused by conventional culture and the expertise and expense involved in other nucleic acid based tests, make LAMP (loop-mediated isothermal amplification) assay a favorable middle path. We evaluated LAMP assay using IS6110 and MPB64 for rapid diagnosis of OATB by comparing with IS6110 PCR and culture. LAMP assay was performed on 140 synovial fluid and pus samples (10 culture-positive proven cases, 80 culture-negative probable cases, and 50 negative controls) using three set of primer pairs each for IS6110 and MPB64. LAMP assay, using two-target approach, had an overall sensitivity and specificity of 90% and 100% in detecting OATB. Sensitivity of IS6110 PCR, IS6110 LAMP, and MPB64 LAMP was 80%, 100%, and 100%, respectively, for confirmed cases and 72.5%, 81.75%, and 86.25%, respectively, for probable cases. Six additional cases were picked using two-target approach. LAMP assay utilizing IS6110 and MPB64 is a cost-effective technique for an early and reliable diagnosis of OATB. 1 Early diagnosis and prompt and appropriate therapy is required to prevent long term sequelae in patients with bone and joint TB. Varied clinical presentations, paucibacillary nature, and difficulty faced in obtaining appropriate samples make the diagnosis of OATB highly enigmatic. Definite diagnosis depends on the demonstration of the etiological agent and clinical and radiological features are more of prognostic than diagnostic value.
Osteoarticular tuberculosis (OATB) occurs in 5-10% of extrapulmonary tuberculosis cases. 1 Early diagnosis and prompt and appropriate therapy is required to prevent long term sequelae in patients with bone and joint TB. Varied clinical presentations, paucibacillary nature, and difficulty faced in obtaining appropriate samples make the diagnosis of OATB highly enigmatic. Definite diagnosis depends on the demonstration of the etiological agent and clinical and radiological features are more of prognostic than diagnostic value. 2 While conventional microbiological methods like smear examination and mycobacterial culture have low sensitivity and prolonged turnaround time, nucleic acid amplification techniques (NAATs) like conventional PCR, 3 multiplex PCR, 4 nested PCR, 5 and GeneXpert/RIF assay 6 are not only technically demanding but also require expensive equipments that make them not-so-favorite modalities in resource-poor settings.
First described about 15 years ago, loop mediated isothermal amplification (LAMP) 7 has the potential to revolutionize NAAT-based diagnosis in resourcelimited regions that are also endemic for tuberculosis. Unlike other NAATs, the LAMP assay can be performed with minimal resources and no formal training. It utilizes ordinary water bath or heating chamber for amplification, thus obviating the dependency on sofisticated thermocycler and electrophoresis chamber. The interpretation of the result is also simple and technically less demanding. The naked eye examination can be carried out by adding the fluorescent dye to the amplified product and observing the change in color with respect to the positive and negative controls.
This method of result interpretataion not only produces clear-cut results but also eliminates the requirement for gel documentation system, unlike conventional NAATs. These procedural simplicities of the LAMP assay make it particularly suitable for low-resource settings. In a country like India, where tuberculosis is highly endemic and the resources are limited, these advantages of the LAMP assay can be utilized in the diagnosis of OATB. Boehme et al. have also recommended the LAMP assay as diagnostic test for tuberculosis for developing countries.
The LAMP assay has shown high diagnostic sensitivity and specificity for both pulmonary 8 and extrapulmonary [9] [10] tuberculosis. To the best of our knowledge, no study has yet evaluated LAMP assay for the diagnosis of OATB. Although IS6110 has been the favourite target for LAMP assay in earlier non-OATB studies, we included both IS6110 and MBP64 gene targets for our study. This choice was based on the rationale that while IS6110 may be absent in 10-40% of clinical isolates, 11 targetting more than one gene may enhance the sensitivity of the technique.
12 MBP64 LAMP assay has earlier shown high sensitivity for detection of intro-ocular tuberculosis. 13 Therefore, the present study was planned to evaluate LAMP assay using two targets, IS6110 and MBP64, for the diagnosis of OATB by comparing its efficacy with other diagnostic modalities including Ziehl-Neelsen (ZN) staining, mycobacterial culture, and IS6110 PCR.
MATERIALS AND METHODS
One hundred and forty synovial fluid and pus samples processed in our Mycobacteriology laboratory were included in the study. They were divided into following two groups:
Group I (n ¼ 90) Group II (n ¼ 50)
(1) Negative controls from non-tubercular patients-sarcoidosis, other infections, etc.
All the samples were coded and randomly distributed so as to blind the two personnel designated for the final interpretation of results. They were then subjected to ZN staining, culture on Lowenstein-Jensen (LJ) medium, PCR based on IS6110 primers and LAMP assay using IS6110 and MPB64 primers. All samples were processed in level-II biosafety cabinets as per standard bacteriological procedures for detection of Mycobacterium tuberculosis. At least 200-300 ml of specimen was aliquoted and stored at À20˚C to be used for LAMP assay and for future reference. Using 200 ml of centrifuged deposit for PCR, rest of the deposit was used for ZN staining and culture on two slopes of Lowenstein-Jensen medium.
DNA Extraction
DNA extraction was carried out by phenol-chloroformisoamylalcohol extraction method, as previously described. 4 Polymerase Chain Reaction M. tuberculosis was identified using IS6110 primers designed to amplify M. tuberculosis complex-specific genes. 12 A positive test was indicated by the presence of a 123 bp fragment on gel electrophoresis. M. tuberculosis H37Rv strain served as positive control and PCR grade water as negative control. LAMP LAMP assay was performed using a set of three primer pairs each, for IS6110 14 and MPB64. 13 The amplification was carried out in a 25 ml reaction mixture to which 5 pmol each of the outer F3 and B3 primers, 50 pmol each of the FIP and BIP primers, 25 pmol each of the loop primers FLP and BLP, and 8 U of the large Bst DNA polymerase (New England Biolab, MA) fragment in 20 mM Tris-HCl (pH 8.8), 10 mM KCl, 8 mM MgSO 4 , 10 mM (NH 4 ) 2 SO 4 , 0.1% Tween 20, 0.8 M betaine, 1.4 mM each deoxynucleoside triphosphate (dNTP), and DNA template were added. The master mix was incubated at 63˚C for 45 min in a water bath and the reaction was terminated by incubation at 84˚C for 5 min. LAMP products were interpreted using different methods, as described previously by our center 10 : visual examination of turbidity by the naked eye, running the amplified product on 2% agarose gel electrophoresis ( Fig. 1 ) and visualizing the color using UV transilluminator and by naked eye after addition of SYBR green dye (Fig. 2) . A visible turbidity, stepladder pattern on gel or green fluorescence with SYBR green dye was interpreted as positive amplification while absence of turbidity, smearing on gel or orange-yellow fluorescence as negative amplification. Each run included positive and negative controls and all precautions were observed to prevent cross-contamination.
Statistical Analysis
The sensitivity, specificity, positive predictive values, and negative predictive values were calculated using standard formulae and based on these parameters the efficacy of different techniques were compared.
RESULTS
In the present study, 140 samples from various osteoarticular sites were subjected to following diagnostic modalities: ZN smear, culture on LJ media, IS6110 PCR, IS6110 LAMP, and MPB64 LAMP.
Rate of Detection of OATB by Different Techniques
Out of the 10 confirmed cases (culture positive), ZN smear examination detected acid-fast bacilli in 3/10 (30%) and IS6110 PCR was positive in 8/10 (80%) ( Table 1) . IS6110 LAMP and MPB64 LAMP were positive in all the 10 isolates of confirmed OATB. Among 80 probable cases of OATB, 58 (72.5%) were positive by IS6110 PCR, whereas LAMP targeting IS6110 and MPB64 was positive in 65/80 (81.75%) and 69/80 (86.25%) cases, respectively. The overall sensitivity of microscopy, culture, IS6110 PCR, IS6110 LAMP, and MPB64 LAMP for group I isolates was 3.33%, 11.11%, 73.33%, 83.33%, and 87.77%, respectively. A specificity of 100% was observed in all since all of them tested negative in the non-tubercular control group II.
Comparative Evaluation of Different NAATs for the Tetection of OATB With single-target approach, the sensitivity of MPB64 LAMP (100%, 86.25%) was higher than IS6110 LAMP (100%, 81.75%), and IS6110 PCR (80%, 72.5%) for both confirmed and suspected cases, respectively ( Table 1) . The overall sensitivity was 87.77% (79/90) for MPB64 LAMP, 83.33% (75/90) for IS6110 LAMP and 73.335 (66/90) for IS6110 PCR (Table 2) . With multi-target approach, the overall sensitivity increased to 90% (81/ 90) with an increase in the sensitivity of suspected OATB cases to 88.75% (71/80). About 2/90 (2.22%) cases were positive only by IS6110 LAMP and 4/90 (4.44%) cases were positive only by MPB64 LAMP.
DISCUSSION
OATB, an ancient disease, 15 has disfigured and disabled many patients around the world by causing skeletal deformities and neurological sequelae. The most common mode is the reactivation of those bacilli that were lodged in the bones during mycobacteremia of some form of primary infection. Infrequently, direct spread from the lungs via paravertebral venous plexus and lymphatic drainage also contribute to tuberculosis of the skeletal system. 1 A high index of suspicion on the part of the orthopaedician and rapid reliable diagnosis on the part of the microbiologist can go a long way in decreasing the otherwise high morbidity associated with OATB. Till now, the diagnosis of OATB has been an uphill task due to several factors: Difficult sampling, too low load of bacilli to be caught on smear, culture causing inadvertent delay, and clinico-radiological features providing mere supportive evidence. Molecular tests provide a ray of hope in such circumstances albeit requiring sophisticated equipments and technical expertise, making them largely limited to high-income countries. [16] [17] Although LAMP assay has been studied for the diagnosis of pulmonary tuberculosis and few extra-pulmonary entities like tuberculous meningitis 14 and uveitis, 13 it has never been evaluated for one of the most challenging manifestation of tuberculosis, OATB. This study was, therefore, planned to evaluate the diagnostic potential of LAMP assay for OATB.
We included synovial fluid and pus samples from patients with confirmed OATB (n ¼ 10), clinically suspected OATB (n ¼ 80), and non-tuberculous infectious/inflammatory entity (n ¼ 50). ZN smear was positive in 3/10 (30%) of confirmed cases while only in 3/90 (3.33%) of total cases. Such low sensitivity could be due to paucibacillary nature of the disease (detection limit of ZN microscopy >10 3 AFB/ml), 18 inadequate sampling from often inaccessible skeletal lesions and sampling done after empirical initiation of ATT. Previous studies have reported a sensitivity ranging from 6.1% 19 to 53.1% 5 for confirmed cases and from 13% 5 to 36% 20 in clinically suspected cases of OATB. The lower sensitivity of ZN smear in our clinically suspected cases could be attributed to early presentation in our patients and generous use of empirical ATT in view of high endemicity of tuberculosis in our country.
In the present study, IS6110 PCR had a sensitivity and specificity of 73.33% and 100%, respectively. This is in accordance with antecedent studies which have documented a sensitivity ranging from 61% to 83% for IS6110 PCR, 3, 21 with a study by Agashe et al. 5 reporting a sensitivity of 70% for nested-PCR. Insufficient sample, lyzes of cell and loss of DNA during processing could be responsible for low sensitivity.
IS6110 LAMP assay showed superior results in our study with a sensitivity of 100% and 83.33% in confirmed and suspected cases of OATB, respectively, with a specificity of 100%. The higher sensitivity achieved by LAMP assay over PCR despite using the same target gene can be explained by the use of three pairs of specific primers employed in the former as compared to a single primer pair in the latter. To further increase detection rate, especially of the small population of IS6110 negative isolates, a second target MPB64 was also added. Unlike IS6110, MPB64 gene is present as a single copy in the genome of M. tuberculosis complex. In isolation, MPB64 LAMP had a sensitivity of 100% in confirmed cases and it raised the sensitivity to 87.77% in suspected cases of OATB, while maintaining a specificity of 100%. No prior study has explored the role of LAMP assay explicitly in OATB, except a recent case report 22 utilizing a commercial LAMP-kit for diagnosis of lumbar spondylitis in one patient. Since this study is based on the diagnosis of a single person and no target genes are revealed, it does not qualify for a comparison. Our findings are in good agreement with other studies on pulmonary and extra-pulmonary specimens. Evaluation of IS6110 LAMP assay on sputum samples by Pandey et al. 17 documented a sensitivity of 100% (96/96) in culture-positive samples and 94.2% in culture-negative samples. Slightly lower sensitivity in our study as compared to sputum sample could be due to the dilution of the organisms in the synovial fluid sample, as observed earlier by Negi et al. 3 Same factor could have contributed to sensitivity of 88.23% in IS6110 LAMP study on tuberculous meningitis, 14 70% in IS6110 LAMP study on tuberculous uveitis, 10 and 85.7% in MPB64 LAMP study on intra-ocular tuberculosis. 13 Another study employing IS1081 LAMP assay on pleural fluid samples found a sensitivity and specificity of 48.7% and 83.3%, respectively. 23 Such a low sensitivity can be explained by the presence of inhibitors in pleural fluid or the low copy number of IS1081 (5-7 repeats) in comparison to IS6110 (up to 25 repeats). 11, 24 Uniquely, our study envisages the importance of using more than one target in the diagnosis of OATB. On performing experiments with synovial fluid specimens, the analytical sensitivity of IS6110 LAMP and MPB64 LAMP was calculated to be 5 and 10 fg, respectively. Using multi-targeted approach, that is when either of the LAMP assay was positive, the sensitivity was best at 90%. While 4.44% (4/90) cases were picked only by MPB64 LAMP, there were 2.22% (2/90) cases positive only by IS6110 LAMP, thus giving an additional diagnosis of 6.66% of cases using both the targets. This can be ascribed to the absence of IS6110 sequence from the genome of the former four isolates. It is possible that the latter two isolates belonged to some other species of M. tuberculosis complex which was not detected by MPB64 gene, a finding observed by other researchers as well. 25 While the PCR technique required 4-5 h, LAMP assay produced discrete results after 60 min for both the target genes processed simultaneously. There was perfect concordance between all the three methods of result interpretation. Non-dependency on amplification equipments and detection methods reduced the overall expenditure to less than $1 per isolate.
The only limitation of the present study remains the relatively smaller number of culture-positive isolates of OATB. Larger prospective studies, not only on OATB but also other forms of extra-pulmonary tuberculosis would further help in evaluating the true potential of the LAMP assay.
CONCLUSION
The loop-mediated isothermal amplification assay is a rapid and robust tool for the diagnosis of OATB. Utilizing two targets for M. tuberculosis can improve the overall sensitivity, thereby increasing the yield of detection in an otherwise pauci-bacillary condition like OATB. The ease of performance and low cost make it a suitable method of detection in low-income countries that are still battling with this grave disease.
